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APPLICATION OF THE HIGH-FREQUENCY ELECTRICAL CONDUCTIVITY METHOD
FCR THE STUDY OF ADSORPTION PROPERTIES OF IRRADIATEL PROTEINS

p 824-829

V., X. Tkach, L. A, Frenkel
- A. M, Gor'kii State University, Khar‘kov,
Institute of Medical Radiology, Khar'kov

§‘§§§ Analysis of the numercus data published in the literature with
| g=d respect to the action of ionizing radiation on different biochemical

i'L*d systems indicates that disturbances which arise in protein structures
! play a rather significant role in radiation injury. From this stand-
§ point, the development of sufficiently sensitive physicc-chemical and
; biophysical methods, which will make it possible to detect the earli-
\ est and least perceptible physico-chemical disturbances in proteins,

f must be regarded as one of the most important tasks of radiobiology.

!
!

The problem in regard to the investigation of the adsorption
properties of protein molecules as a means of characterizing their
possible structural modifications has attracted the attention of re
! search workers for a long time, Various methods were applied in this
type of investigation [1-6)., A very promising way of investigating
the reactivity of proteins proved to be the study of electrical cha-
racteristics of protein systems [7-10], particularly with the utiliz-
ation of the electrical conductivity method, It is worthwhile to note
that the methods in question cannot be applied readily because of a
number of technical difficulties; it cen be seen fram the literature
that they have not been utilized to a sufficient extent even within
the limits of their applicability,

We have developed oripinal procedures for the Investigation
of the adscrption gharacteristics of protein solutions.: "The method
devised by ue makes it possible to esiimate the adsorptive properties
of proteins by determining the temperature coefficlents of the high=
frequency electrical conductivity of their solutionms, - ;n the research,
which had been carried out and described, the most extensivedy-used
method for the in-estigation of proteins 1n a wide frequency range
(with the predominant utilization of low frequencies) was the brxdge : ,

" method, by means of which the electrical conductivity of a solution
being investigated was compared with a standard conductivity., In-adde
ition to differences in the desigi of the equipment, the high-frequ«
ency slectrical conductivity method developed by us differs from the
~ methods referred to abova by the fact that it is based or an investi. [
gatignlgf the non-stationary cooling of the solution being investiga-\ . PR
‘ ted {11],

' .
L
. R e "“""
Reproduced by the Ul ' Wiae dv\l (el Vﬁ.\‘u
CLEARINGHOUSE Vv =t e R 1
for Federal Scientific & Technical YV s Y 4
Information Springfield Va 22151 NS ¥ RS {
e et s .

v




PRI -V

PRy

e o, L
PP O e o S R A -

A specific characteristic of this method s its preat sensit-
i\lt/ to concentration shifts in the solutions subjected to investina-
tion (the sensitivity of the itethod is so great that concentrations of
the crder of 0,0005 N are measured)., Furthermore, because of its char-
acteristics, the method makes it possible to investigate reaction pro-
perties of proteins in the range of very low electrolyte concentratiens
ard also precludes intcraction of protein molecules with the electreodes,
This is of great importance because, as has been puinied out by I,Klotz
{12}, the unavailability of means to bring about these conditions re-
sults in technical difficulties in the investigation of the interrela-
tionships between proteins and different ions and thus restricts the
application of methods available for this purpose. In addition to these
advantages, the method in question is distinguished by its relative sim~
plicity ard the speed with which determinations can be carried out by
means of it, so that it is of great interest both fran thz standpoint
of application in the investigation of the general problem of the mol-
ecular structure of proteins and that of its use in the study of posse

ible structural moedificaticns arising as a result of the action of ion-
izing radiaticn,

The principle of the method is as follows (a theoretical basis
for the relationships outiined below is given in ref, (11]). The ad-
sorption characteristics of proteins predetermine the different degree
of binding by them of various small ions (inorganic, hydroxyl, hydrogen,
etc,). An electric field applied fram the outside orients the polar
molecules in a protein solution and displaces the ions, If the motioen
of the ions takes place in an alternating field of high frequency (7 %
106 cycles), the large protein molecules cannot follow changes in the
field because of their relatively great mass and high inertia, There-
fore, the magnitude of the electrical conductivity in this case will
be determined solely by the presence of the small ions which surround
the protein molecules and iInteract with thems On the other hand, the
adsorption characteristics of the protein molecules (which are manifest-
ed either in the freeing or binding of different iocns by them) can be
characterized on the basis of changes exhibited by the electric corduce
tivity of the solution, because this conductivity depends on the cone
centration of the free ions which remain in the solution, Thus, if as
a result of scme action exerted on it the protein in the solution un-
dergoes changes which are accampanied by an increase of its adsorption
activity, the concentration of free ions in the solution decreases, and
the values of high-frequency electrical conductivity drops to a corre-
sponding extent from their original level, In the case that dissocia-
tion or desorption takes place, the concentration of frece ions in the
solution {ncreases and the high-frequency electrical conductivity rises,
At o definite degree of stability of molecular structures, the concen-
tration of small ions in solution does not change in time (within 1l-2
hre.) or changes to only an insignificant extent, The corresponding
values of the high-frequency electrical conductivity also remain un-
changed in time, In cases like this use was made of relative measure-
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ments of the hiph-frequency electrical conductivity, as an index of the
" mupnitude of which the temperature coefficients of the hiph-frequency

4 - electrical conductivity (TCHE) were cmployed, Determination of these

! coefficients made it possible to carry out measurements in a relative- *
o ly simple and speedy wanner, and also with sufficient precision, with~

ocut resorting to a determination of the absolute values of high-frequ-

ency electrical conductivities,

. The apparatus for measuring the TCHE of protein solutions con-
e sisted of a generator assembled around a 6Zh3P tube which had quartz
- stabiliza.ion {7 megacycles) and a stabilived feedback {electronic

stabilization),

The circuit diagram of the equipment is given in Fig. 1, where
Cy ond Cy are calibrated standard capacitors by means of which the os-
~1llating current was tuned to the working frequency (7 megacycles),

, The capacitance C) served as an electrical vernier which made it poss-
; ible to measure off changes in capacitance with a precision of 0,001 mf.
! The fact that generation took place was established by means of a con-

! trol milliampere-meter included into the anode circuit of the generator.
; A measurement capacitor containing the solution was connected to the

i . terminals of the circuit., A capacitor of this type, in which the con-

,l

|

centration of the fonic background of the solutien changes, modifies

the resonance frequercy of the circuit, which is tuned to the required

working frequency by the capacitors C) and Cy. To carry out the inves-

tipation, one must know the value of the capacitance which has been con-

! nected to the circuit, This value can be established in a rather simple
It is known that if the resonance frequency of an oscillatory

i manner,
’ circuit is stabilized with quartz placed between the cathode and the

prid of the tube, the oscillatory current I, in the circuit and the con-
stant component of the anode current I, of the generator tube will cha-
nge with changes in the capacitance of the circuit as shown in Fig. 2,
j'.. Generation takes place only in the section AB of capacitance changes.

If the capacitance of the circuit is changed near the ends of this sec-
tion, i.g., in the vicinity of point A, one can find the capacitance
. value vhich corresponds to the maximum change in the ancde current of
-SJ the tube (as established by means of the milliampere-mecter), It is obe
h vious that connection iu parallel to the circuit of some other capaci- T
tance changes the found capacitance value which is required for either N
! stopping or starting generation, The difference between the two capa-
‘ citances required to start or stop generation must give the value of
the equivalent capacitance being investigated,

- In the case considered by us in this instance, the generator
. circuit was shunted by means of the canplex resistance formed by a
|

test tube contairing the solution under investigation, The latter
could be reparded as an equivalent capacitance which was connected to
the circuit, A change in the value of this capacitance altered the
resonance frequency of the current, Investigation of the solutions of
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interest to us was facilitated by the fact that camparative measurements
sufficed,

In visw of the fact that the operation of the equipment and

1

the bshavior of the sclutions being inve "tigated depended on the tem-
perature, the equipment was placed into a constant-temperature chamber,
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the daily variation of temperature in which did not excecd 0,2°, The

capacitor cell coataining the solution was heated by means of a heat-

ing sleeve to 37°, The temperature of the solution was measured by

means of a thermister sealed into a pyrex glass vial with a wall hx»k- ~
ness of 0,1 mr. This vial was filled with polystyrene,

Methed Applied in the Investipation,

To carry out experimental measurements, an aquecus protein
solution with a definite ionic backgrourd was placed into a capacitor
cell having th~ form of 1 fused quartz test tube with metal coatings
on the outer surface of its wall, The test tube was connccted te the
terminals of the penerator. Determinations of the high-frequency el-
ectric conductivity were carried out 15, 45, and 90 minutes after th-
solution had been diluted, They were made in the temperature range c.
34-37° with readings taken at every 0,5°, The values of high-tempera-
ture electric conductivity obtained at different temperatures (35-36°)
could be represented in the form of their interrelationship as the
TCHE and calculated graphically.,

To determine the number of ions bound under the conditions in
question by one molecule of protein, a standard graph representing the
relation between the TCHE values and the concentration for the substance
under consideration was first constructed, rran the known concentration
of the reacting molecules, the number of ions bound by the protein could
be calculated, If the molecular weight of the protein was kaown, ads-

orption could then be uxpressed in moles of bound ion per mole of pro-
tein,

The results of an experiment of this ype are shown in Fig. 3.
In this typical case, the interaction between cupric ions and the al-
bumin of human plasma was investigated, All standard graphs of this
kind should be constructed on the same scale, To the tangent of the
angle of inclination of the straight line uf such graphs (tg o) corre-
sponded a value equal to the ratio of TCHE values expressed in arbitr-
ary units accepted by us to values of the concentration of the electro-
lyte in questicn, For instance, in the case of the CuCl, solution,

tg a was equal to 425 x 103, In calculating *he magnitude of adsorp-
tion, this value of tg a was used,

The investigation of the binding of copper ivas by the protein
was conducted in the following manner, To 0.4 ml, of a 1% aquecus tu- ’
man plasna albumin solution, which had been dialyzed for 1.5 hours and
which had a TCHE value equal to zero (as has been pointed cut above,
protein to which no ions had been added and which contained no impur-
ities did ~ot exhibit a high-frequency electric conductivity under the
corditions spplied by us), 0,2 ml, of an 0,1 N solution of CuCl, were ]
added, To establish the opcimum p, value of The solution (4, 2) 2,2
al, of an (,02 M acetate buffer solution were addad, The lmount of
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Fig. 3., Standard graph expressing the relation between
concentration and the temperature coefficients of highe
frequency electrical conductivity for a CuCl, solution.

On the axis of abcissae, the concentration (C) is plotted

in units of normal concentration; on the axis of ordinates,
TCHE values (B) are pletted for a CuCly solution in
arbitrary units,
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rig. 4, Changes in the adsorption activity of protein
with respect to & CuCl; solution as a result of the
action of y-radiation,
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frotein was dnteymined by Wei~hselbaum's variant of the biuret method
{13] und the py potenticmetrically on an Orion potentioneter with a
plass clectrode, The total volume of the solution was broujpht to 0,5
al, by Jilution with twice-distilled water, To the control svulution
a correspcnding quantity of twice-distilled water (O,4) was added in-
stead of the protain, As can be seen in Fig. 4., the quantity of free
copper ions was much lower in the solution containing protein than in
the eontroi solution (because the TCHE value of the lurfer was the
same for the experimental solution containing protein as for the con-
trol solution, we neglected this value and did not consider it in the
subsequent calculations),

The lowering of the TCHE value obtained for the protein solu-
tion indicated that the adsorption which took place was of the molecul
ar type, becausa otherwise there would have been a sharp increase in
the electric conductivity due to replacement of C1™ ions with the more
mobile hydrogen ions. Consequently the rumber of Cutt ions A bound to
protein molecules could be calculated from the equation

(By = Bg) * M
m*tga

’ (1)

where B, {s the TCHE of the control solution, B, the TCHE of the solu=
tion containing protein, M the molecular weight of the protein being
investigated (in this particular case the molecular weight of the pro-
tein was determined by the monomolecular layer method {14]) and found

to be equal to 70,000), tg a a value determined from the standard gragh
for the electrolyte being investigated (in this case, tg a = 425 x 10
for CuCl; - cf, Fig., 3), and m the quantity of protein contained in 1
1iter of the solution and calculated according to the formula

Y
m‘lOC—?-l- ’ (2)

where C is the concentration of protein in the initial solution, Y the
volume of the protein being investigated, and Y¥ the total volune of
the solution. In this manner, the number of Cu'' ions bound to one
mole of human plasma albumin at py s 4,2 was found to be equal to appr-
aximately 20:

700 + 7¢,000

Ae = 20 ions/mole,
5.6 ¢+ 425 ¢ 1

which is in agrecment with data given in the literatuce [15, 16].

The action of lonizing radiation on the protein changes consi-
derably its behavior towards cc-per, Irradfation with y-rays (€o%9)
applied in doses of 16,000 and 28,000 r was carried out on & GUT-400
{ngtallation with & dose rate of 5.6 x 103 r/ain at room tenperature,
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As caa be seen from Fig. 4, the high-frequency electricdl c¢on-
ductivity of the protein sclution decreased considerably within S mine
utes after the beginning of irradiation, which indicates that the ad-

sorption activity of the protein increased, Furthermore, whercas in the
case of the lower dose it .as fourd that

A s _L00o + 70,000
5,6 * 425 + 109

= 29 jons/mole (at B, = 1500 arbitrary units),

the adsorption was much more pronounced after irradiation with the high-
er dose:

1300 « 70,000 .. .
5.6 + uzs + 103 - 00 ions/mole

Taking into consideration that the molecular weight of the pro-
tein remained unchanged after irradiation (according to data obtained by
the monomolecular layer method), one may assume that the deterioration
of the protein molecules in solution under the effect of the y-radiation
doses applied by us consisted in changes of the structure of the protein

globules, which were accompanied by the opening of hydrogen bonds that
blocked reactive groups of the molecule,

Thus, changes in the capacity of protein to bind cupric ions
as a result of action exerted by y-radiation can be explained by an in-
creased accessibility to these ions of peptide nitrogen atoms (3],

which are mainly responsible for the formation of protein-ccpper com-
plexes,

It would be advantageous, by making use of the selective adsorb-
ability of same inorganic ions with reference to dofinite reactive groups
of the protein molecule, to apply the method described for the investi-
gation of the kinetics of adsorption of different ions by irradiated
oroteins, Investigations of this type will presumably contribute to
an understanding of the nature and mechanism of the damaging effect ex-
orted by ionizing radiation on proteins, The preliminary data obtained
indicate that rescearch along this line must be regarded as promising.

Conclusions

~ 1. A method -has been developed for the determination of the
temperaturc coefficients of high-frequency electrical conductivity, by
means of which subtle phvsico-chemical changes in protein structures
can be detected, By using the method in question, core can investigate

the kinetics of adsorption processes on proteins as affected by the
action of ionizing radiation,

4, In the work described, quantitative cxpressions.have been
derived for the adsorption of cupric fons by one protein mole of human
plasma albumin., It was established that natural protein and protein
irradiated with different doses of y-radiation interacted differently

21
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with cupric ions, the results obtained indicating that ionizing rayia-
tion exerts a damaging effect on protein macromolecules,

~.
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